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THE fundamental importance of deoxyribonucleic acid (DNA) in the process
of cell growth and reproduction has long been recognised (Davidson, 1957).
Neoplastic tissue is known to be rich in nucleic acids and there is evidence that a
higher than normal DNA level is found in the nucleus of the malignant cell
(Stowell, 1947).
A direct comparison between tumour cells and their normal homologues is
made difficult by the doubts which arise in identifying the cell types from which
the tumours arise. In a few cases, such as the experimental tumours ofthe liver
studied in detail by Thomson, Heagy, Hutchison and Davidson (1953) where the
normal homologue can be identified with some degree of assurance, a higher
level of DNA has been observed in the nuclei ofthe tumour cells.
Experimentally produced tumours associated with peripheral nerve in mice
present another material in which it is possible to compare with some degree of
certainty tumour cells with their normal homologues. This paper is concerned
with an examination of these tumours and a comparison of the amount of DNA
found in the nuclei of their cells with the nuclei of Schwann cells, both normal
and proliferating.
MATERIALS AND METHOD
The estimation of the amount of DNA present in the cell nucleus by making
use of the Feulgen nuclear reaction is well established (Di Stefano, 1948; David-
son, 1957; Swift and Rasch, 1956). The apparatus used for determinations of
this kind is known as a Microdensitometer or Microphotometer and consists of a
light source, a microscope and a photometer. A Hilger High Power Microphoto-
meter was employed throughout this work and a magnification of 200 diameters
was employed.
The method of use of this instrument has already been described (Causey
and Stratmann, 1959). In brief, a magnified image of the section is projected
on to the photometer, the area to be measured being delimited by a diaphragm
aperture of suitable size.
The procedure of measuring the absorption of a feature such as a nucleus
is as follows: First a clear area adjacent to the feature is selected and a back-
ground reading is taken (Io). The nucleus is moved into the field covered by the
aperture and a further reading is taken (Is). T, the transmission of the feature
is then given by I1/Io.
The Extinction, E, is defined as loglo I/T, i.e. logloIo/I~.DNA IN SCHWANN CELLS AND RELATED TUMOUR CELLS
The Feulgen stain obeys the Lambert-Beer Laws (Swift and Rasch, 1956)
and within the limits of concentration found in nuclei it can be said that the
observed extinction is proportional to the amount of absorbing substance present
in the area measured, and hence proportional to the amount of DNA present in
the nuclei.
The size ofthe diaphragm apertures used were selected so that the absorption
of a central "plug" ofthe nucleus was measured. The size ofthe aperture being
such that no more than about two-thirds of the area of the average nucleus was
measured. The fraction of nuclear volume measured is, however, considerably
smaller than this. For example, in the case of a nucleus 10 It in diameter, the
fraction ofthe nuclear volume measured is ofthe order of 1/25 ofthe total volume.
All results are calculated in terms of M, the amount of absorbing substance.
This is defined as E X A, where E = the extinction and A the area (t2) of the
slide actually measured. For convenience the resultant figure has been multiplied
by 100. It is assumed that any lack of uniformity of the "plugs" will tend
to cancel out when large numbers of nuclei are measured.
The staining technique employed was substantially the same as the modified
Feulgen Technique described by Rafalko (1946) except that all stages of the
technique were carried out in a Histokinette Tissue Processor. Full details
are given elsewhere (Causey and Stratmann, 1959). No counter-staining was
carried out.
The production of the tumours associated with nerve by injection of 3 doses
of the carcinogen 9, 10-dimethyl-1, 2-benzanthracene (DMBA) has been described
by Causey (1959). These tumours have been classified as intra- or extra-neural
on the basis of whether the perineurium is or is not disrupted. A typical intra-
neural tumour is shown in Fig. 5. On removal ofthe tumours, a slice was placed
in Zenker-Formol fixative, and fixed for 5-6hours. The material was then washed
overnight in running water and embedded in paraffin in the usual way. Later,
8 ,t sections were prepared and stained as above. Fibrosarcomas were produced
by injections of the same doses of DMBA into the dermis ofthe back.
White laboratory mice of C+ strain were used throughout. In normal
animals the sciatic nerve in the thigh was removed from both legs immediately
after death, cleaned of any adherent fatty and connective tissue. The nerves
were fixed in Zenker-Formol fixative for 5-6 hours. As before the material was
washed in running water overnight and the usual paraffin embedding procedure
carried out.
During the early stages of the degeneration of a peripheral nerve, there is a
marked proliferation of Schwann and endoneurial cells (Abercrombie and Johnson,
1946). Since it was desired to examine the nucleic acid content of these pro-
liferating cells, some material was prepared in which the nerve had been sectioned
14 days prior to removal and fixation. The sciatic nerve of the mice used in
these experiments was sectioned in the thigh under aseptic conditions (Causey
and Stratmann, 1953). Ether was used as anaesthetic. Fourteen days after
section of the nerve the mice were killed and the sciatic nerves on both sides
removed as previously described. In order to obtain a sufficient number ofnuclei
per section for purposes ofmeasurement, longitudinal sections ofperipheral nerve,
both normal and degenerating, were cut. Throughout this work section thickness
was 8 , in the case of both nerve and tumours. Typical longitudinal sections
ofFeulgen stained sciatic nerve are shown in Fig. 1 and 2. Fig. 1 shows normal
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nerve, and Fig. 2 after 14 days degeneration. The photographs were taken with
the interference microscope, to show the typical appearance of the tissue.
RESULTS
In order to establish some basis for comparison oflevels ofabsorbing substance
in the nuclei of tumours associated with peripheral nerve and the nuclei of cells
of the homologous tissue, Schwann nuclei of the normal and degenerating nerve
ofmice were examined. The results ofthese measurements are shown in Table I,
and in Fig. 1 and 2 typical sections of normal and degenerating peripheral nerve
are shown.
TABLE I.-Absorption Measurements of Schwann Cell Nuclei from the Sciatic
Nerve of the Mouse
Results are expressed in terms ofM, the amount ofabsorbing substance in
the area measured. Thus M = E x A x 100 where E = the extinction,
A = the area measured =- 22z2.
Mean values for M are given together with the standard error ofthe mean.
Number of nuclei measured is given in parenthesis after each result.
Normal nerve
M = 24.8 i 0.8 (104)
14 days after section of the nerve in thigh
M = 30.2 ± 0.9 (70)
Examination of the results shown in Table I reveals that there is a slightly
increased amount of absorbing substance, that is DNA, in the Schwann nuclei
of the proliferating cells.
Table II shows the results obtained from an examination of the amount of
absorbing substance in tumours associated with nerve. Results are given for
nuclei of the two major cell types observed in the tumours. These have been
classified arbitrarily into "small "and "large "nuclei. These two types compare
with the tumour cell types "A "and " B "described byCaspersson and Santesson
(1942). The "small" nuclei corresponding to the type "A" nuclei of Caspers-
son and Santesson. These are some 5-7 ,t in diameter and have a relatively
high concentration of DNA. The "large" nuclei, corresponding with the type
"B" nuclei of Caspersson and Santesson are larger and somewhat more diffuse.
The diameters of these are of the order of 10-15 It. In Fig. 3 and 4 these two
types of nuclei can be seen. The two types described can be regarded as the
EXPLANATION OF PLATE.
FIc. 1.-Feulgen stained 8pu longitudinal section of normal sciatic nerve of the mouse showing
Schwann cell nuclei (magnification 450 diameters).
FIG. 2.-Feulgen stained 85t longitudinal section of the sciatic nerve of the mouse 14 days
after section of nerve in thigh (magnification 450 diameters).
FIG. 3.-Feulgen stained 85 section of intraneural tumour showing "large" (L) and "small"
(S) nuclei (magnification 450 diameters).
FIG. 4.-Feulgen stained 85, section of extraneural tumour showing "large" (L) and "small"
(S) nuclei (magnification 450 diameters).
FIG. 5.-Intraneural tumour in the mouse.
320BRITISH JOURNAL OF CANCER.
5
Causey and Stratmann.
Vol. XIII, No. 2.DNA IN SCHWANN CELLS AND RELATED TUMOUR CELLS
extreme cases and various stages of" transition " between "small " and "large"
can be seen. For a further discussion see Caspersson and Santesson (1942).
Results for the nuclei of fibrosarcomas are also shown in Table II.
TABLE II.-Absorption Measurements of Cell Nuclei from Turnours Associated
with Peripheral nerve and Tumours of Fibrous Tissue in the Mouse
Results are expressed in terms ofM, the amount ofabsorbing substance in
the area measured. Thus M = E x A x 100 where E = the extinction,
A = the area measured = 2*2/2.
Mean values for M are given together with the standard error ofthe mean.
Number of nuclei measured is given in parenthesis after each result.
(1) "Small" nuclei in tumours "inside" nerve:
M = 44.2 ± 0.9 (261)
(5 tumours)
(2) "Large" nuclei in tumours "inside" nerve:
M = 31.0 i 0.7 (260)
(3) "Small" nuclei in tumours "outside" nerve:
M = 43-6 i 0-8 (254)
(5 tumours)
(4) "Large" nuclei in tumours "outside " nerve:
M = 25*3 i 06 (258)
(5) "Small "nuclei in fibrosarcomas:
M = 45-4 0-6 (101)
(2 tumours)
(6) "Large" nuclei in fibrosarcomas:
M = 26-5 i 0-8 (102)
Note: The classification of nuclei into "Large" and "Small" follows that of Caspersson and
Santesson (1942). The classification of the tumours themselves into "inside" and "outside"
nerve is based on the arbitrary classification described by Causey (1959).
Examination ofTables I and II and a comparison ofthe results obtained shows
that there is a significantly higher amount of DNA present in the nuclei of the
tumour cells as compared with either normal or proliferating Schwann cells.
As far as the nuclei of the tumours themselves were concerned, examination
of Table II shows that there was no detectable difference in the DNA content of
nuclei from tumours "inside ", "outside" nerve or nuclei of the fibrosarcomas.
DISCUSSION
Rapidly metabolising cells are known to be richer in DNA than more quiescent
cells (Davidson, 1957), and in those cases where it has been possible to compare
the DNA content of malignant neoplasms with their non-malignant homo-
logues a somewhat higher level ofDNA has been shown (Stowell, 1947; Thomson
et al., 1953).
It is considered probable that the cells of those tumours associated with peri-
pheral nerve which disrupt the perineurium have been derived from Schwann
cells. Those tumours that disrupt the perineurium have been shown to occur
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with significantly greater frequency when the injection of the carcinogen is made
after crushing the nerve than when it is made into normal nerve, and also that
in those tumours deliberately produced outside the perineurium, invasion of the
perineurium is a late phenomenon. A macroscopic picture of an early intra-
neural tumour is shown in Fig. 5. The typical swelling of the nerve trunk in a
fusiform manner is seen. It is possible that there are also cytological differences
of which the most distinct is the tendency of the cells of the intraneural tumours
to form alveolar clusters in contradistinction to the elongated cells of the fibro-
sarcomas and extraneural tumours. A comparison of the amounts of DNA in
both "small" and "large" nuclei of these tumours with amounts of DNA
found in both normal and proliferating Schwann cell nuclei shows that there is
a somewhat greater amount of DNA in the tumour nuclei of both types, even
allowing for the considerably greater diameter of the "large" nuclei.
Although there are, of course, significant differences in the DNA content
of the "small" and "large" nuclei, even after allowing for differences in size
of these nuclei, no difference could be observed in DNA content of nuclei in
tumours classified as arising either "inside" or "outside" nerve. Neither
could any difference in DNA content be shown between these nuclei and the
nuclei of the fibrosarcomas of the back.
If it can be assumed that the fibrosarcomas and those tumours associated with
nerve that are considered to arise "inside "nerve are in fact derived from different
cell types, then it can be said that as far as the DNA content ofthe nuclei of the
resultant tumour is concerned, there is no significant difference between tumours
of different origin.
It is fairly clear, however, that an increase in DNA of the nucleus of tumour
cells as compared with normal cells does occur. It is, of course, known that
increase in activity of cells is reflected by an increase in DNA content of the
nuclei and in the case of Schwann cells results of this kind have been reported
here.
The observed differences in DNA content in tumour cells and their normal
homologues may be explained by a difference in the metabolic activity of the
cells. In the absence of evidence to the contrary this would appear to be the
most reasonable explanation of the observations reported in this paper.
SUMMARY
1. By the use of microphotometric methods of analysis, the deoxyribonucleic
acid (DNA) content ofthe nuclei of Schwann cells, both normal and proliferating,
has been compared with nuclei obtained from the cells oftumours associated with
nerve and fibrosarcomas.
2. A significantly greater amount of DNA has been found in the nuolei ofboth
types of tumour cells as compared with both normal and proliferating Schwann
cells.
3. The significance of these results is discussed.
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